Introduction: Age-related hearing impairment is the most common sensory dysfunction in older adults. In osteoporosis, the mass of the ossicles will be decreased, affecting the bone density of the cochlea, and interfering with the sound transmission to the cochlea. Age related hearing loss might be closely related to osteoporosis. Objective: To determine the relationship between age-related hearing impairment and osteoporosis by investigating the relationship between hearing loss and cortical bone density evaluated from femur neck bone mineral density. Methods: We used data from the Korea National Health and Nutrition Examination Survey to examine the associations between osteoporosis and age-related hearing impairment from 2009 to 2011. Total number of participants was 4861 including 2273 men and 2588 women aged 50 years or older. Osteoporosis was defined as a bone mineral density 2.5 standard deviations below according to the World Health Organization diagnostic classification. Age-related hearing impairment was defined as the pure-tone averages of test frequencies 0.5, 1, 2, and 4 kHz at a threshold of 40 dB or higher on the more impaired hearing side. Results: Total femur T-score (p < 0.001), lumbar-spine T-score (p < 0.001) and, femur neck Tscore (p < 0.001) were significantly lower in the osteoporosis group compared to the normal group. Thresholds of pure-tone averages were significantly different in normal compared to osteopenia, and osteoporosis groups. In addition, there were significantly higher pure-tone averages thresholds in the osteoporosis group compared to other groups (p < 0.001).
Introduction
As population aging is occurring in many Countries, the importance of health life expectancy of elderly people is becoming a major concern. Furthermore, there is a growing interest in chronic and aging diseases that affect the health expectancy of elderly people. 1 ---3 Of these aging diseases, age-related hearing impairment (ARHI) is the most common sensory dysfunction in older adults. ARHI reduces the quality of life for the elderly and makes communication difficult often with resulting social isolation. 4 ---6 Several studies have suggested the risk factors for ARHI include traditional cardiovascular risk factors, such as hypertension, chronic kidney disease, and diabetes mellitus. 7---10 As a result, it appears that systemic conditions can affect hearing loss.
Recently, Ye h et al. 11 performed the largest populationbased study to evaluate the risk of sudden sensorineural hearing loss (SSNHL) in a national cohort of Asian patients with osteoporosis. They reported a 1.76 fold increase in the incidence of SSNHL for patients with osteoporosis compared with the comparison group after covariates such as age, sex, medical comorbidities, geographical area, and monthly income were considered. In addition, they suggested that demineralization of the cochlear capsule was found to be correlated with hearing loss in patients with metabolic bone disorders. However, another study investigating 120 postmenopausal women, showed no statistical significance at low frequencies, irrespective of bone mineral density (BMD) values. 12 Zehnder et al., investigating bone metabolism in the otic capsule, suggested that OPG, a potent inhibitor of osteoclasts, is present in the inner ear and is secreted as perilymph to inhibit bone remodeling of the otic capsule, and in particular the cochlea. 13 Kanzaki et al. demonstrated that various parts of ossicles were thinned and weakened and that the ligaments between the stapes and the oval window also disappeared. In hearing threshold studied by acoustic brainstem response, the overall hearing threshold was higher in the Opg ---/ ---mouse model than in the normal group as age increased. In particular, the hearing threshold of 20 dB or more was observed in the high frequency above 20 kHz. However, they could not confirm which ossicles were more vulnerable. 14 When the sound is presented to the external ear canal, it is transmitted through the ossicles vibration to the cochlea. That ossicular vibration is directly proportional to the stiffness of the tympanic membrane, inter-ossicular joint and oval window, and inversely proportional to the mass of the tympanic membrane and ossicles. 15, 16 Mass helps to transmit low frequency vibration and prejudice the transmission of high-frequency sounds, while stiffness helps high-frequency vibration and disturbs low-frequencies transmission. Various middle ear pathologies can affect the sound transmission as vibration to the inner ear by changing the mass of the ossicles and the stiffness of the middle ear. Examples of pathologies associated with increased stiffness include negative middle ear pressure, otosclerosis, and otitis media. Definite example of decreased stiffness is an ossicular disruption, when vibration cannot be transmitted to the cochlea. In osteoporosis, the mass of the ossicles will be decreased, affecting the bone density of the cochlea, which will interfere with the sound transmission to the cochlea. 15, 17 Our hypothesis was that age related hearing loss could be closely related to osteoporosis, and that BMD levels at the femur neck, which occupies a large portion of the cortical bone, would reflect the condition more than the BMD lumbar spine levels.
Therefore, the purpose of this study was to determine the relationship between ARHI and osteoporosis and to investigate the relationship between cortical bone density evaluated from lumbar spine (L-spine) and femur neck BMD, and hearing loss. 
Materials and methods

Ethics statement
Study population
KNHANES has been a nationwide representative crosssectional survey for the Korean population with a clustered, multistage, stratified, and rolling sampling design. KNHANES consists of a health interview, health examination, and dietary survey. The survey data is collected from household interviews and direct standardized physical examinations conducted in specially equipped mobile examination centers. The data was collected from 17,720 participants in 2009 (n = 7920), 2010 (n = 7043), and 2011 (n = 2757). Patients under 50 years of age and with no registered data on bone mineral density or pure tone audiometry were excluded. After these exclusions, a total of 4861 participants (2273 men and 2588 women) with normal tympanic membrane were analyzed (Fig. 1) .
Assessment of osteoporosis
Bone Mineral Content (BMC) and Bone Mineral Density (BMD) from total femur, and from femoral neck and lumbar spine (L1---L4) were measured by trained technicians using DXA (QDR 4500A, Hologic Inc., Waltham, MA, USA). Osteopenia or osteoporosis were diagnosed with supplying by the DXA manufacturer 18 using T-score of the total femur, femoral neck, and lumbar spine according to the criteria of the World Health Organization (T-score ≥ −1; normal, −2.5 < Tscore < −1; osteopenia, T-score ≤ −2.5; osteoporosis). 
Assessment of hearing threshold
For evaluation of hearing threshold, pure-tone audiometry was conducted with a SA 203 audiometer (Entomed; Malmö, Sweden) in a soundproof booth and instructions were given by a trained otolaryngologist. In a soundproof booth, subjects put on a headset, and pushed a button when they heard a pure tone sound. Only air conduction threshold was measured. The pure-tone averages (PTA) were calculated as the average of threshold at 0.5, 1, 2 and 4 kHz. Hearing loss was defined as the PTA of threshold 40 dB or higher.
Assessment of covariates
Information on the study population including BMI, smoking, alcohol consumption, physical activity, and medical conditions were obtained from KNHANES data. BMI was calculated from the height which was measured to the nearest 0.1 cm with a stadiometer. Hypertension was defined as a systolic Blood Pressure (BP) of 140 mmHg, a diastolic BP of 90 mmHg, or treatment with antihypertensive agents. Diabetes mellitus was defined by a fasting plasma sugar level >126 mg/dL, treatment with oral hypoglycemic agents or insulin, or diagnosis by a physician.
In terms of smoking, the participants were categorized either as current smokers or others. A participant was considered to have a ''monthly alcohol ingestion history'' if he/she drank more than once per month over the past year. A moderate physical activity done for at least 20 min a time and more than three times a week was considered to be regular exercise.
Biochemical analysis
Serum 25 (OH)D and parathyroid hormone (PTH) levels were measured using a gamma counter (1470 Wizard; Perkin Elmer, Turku, Finland) and LIAISON (DiaSorin) with radioimmunoassay (25 (OH)D 125I RIA Kit; DiaSorin) and chemiluminescence immunoassay (N-tact PTH Assay kit; DiaSorin), respectively.
Statistical analysis
To compare PTA by presence of osteoporosis, ANOVA with Bonferroni correction was performed. Multiple logistic regression analyses were also performed to estimate the association between T-score and hearing loss. Data are presented as OR (95% CI) after adjusting for certain factors in each model using hierarchical analysis (Model 1: adjusted for age; Model 2: adjusted for age, current smoking, alcohol use, regular exercise, and body fat percentage; Model 3: Adjusted for age, current smoking, alcohol use, regular exercise).
To reflect the sampling weights, complex sampling analyses was performed. All statistical analyses were performed using the SAS (version 9.3; SAS Institute, Cary, NC, USA). All data with p < 0.05 were accepted as statistically significant results.
Results
Subject characteristics are shown in Table 1 than men. Current smoking (p < 0.001), monthly alcohol drinking (p < 0.001), BMI (p < 0.001) were significantly higher in the normal group compared to the osteopenia and osteoporosis group. However, moderate physical activity, diabetes mellitus, and hypercholesterolemia were not significantly different. L-spine T-score (p < 0.001), femur neck T-score (p < 0.001) and, total femur T-score (p < 0.001) were all significantly decreased in the osteoporosis group compared to controls. Calcium (p < 0.001), phosphorus intake (p < 0.001), serum creatinine (p < 0.001), and vitamin D (p < 0.001) were also significantly decreased in the osteoporosis group. However, alkaline phosphatase p < 0.001) and parathyroid hormone (p < 0.001) were significantly increased in the osteoporotic group.
Thresholds of PTA were significantly different between the normal and osteopenia, and osteoporosis groups. Significantly higher PTA threshold was seen in the osteoporosis group compared to the other groups (p < 0.001) (Fig. 2, Supplement 1) .
After adjustment for all covariates, such as the age, gender, hypertension, phosphorous intake, serum creatinine, vitamin D, hypercholesterolemia, and monthly alcohol history, the Odds Ratio for hearing loss were significantly increased 1.7 fold with decreasing femur neck BMD (p < 0.01). However, L-spine and femur shaft BMD were not statistically correlated with hearing loss, respectively (p = 0.22 and 0.16) ( Table 2) . 
Discussion
The principle finding of the present study is that there is a significant correlation between osteoporosis and ARHI. Although L-spine BMD and hearing loss were not significantly related, femur neck BMD and hearing loss were significantly related.
Several studies have reported an association between osteoporosis and hearing loss in the older population. However, this relationship is controversial. Jung et al. performed a case-control study using 1009 postmenopausal women. They reported no association between bone mineral density and hearing impairment in the study population. 20 Nevertheless, a number of other studies report that ARHI and osteoporosis are related. Recently, Ye et al. investigated hearing loss in the Taiwanese health insurance database from 1998 to 2008 with 16,600 cases diagnosed with osteoporosis and 30,080 cases without osteoporosis. They found that the relative risk of hearing loss in the osteoporotic group was 1.76 times higher than in the control group, as a result of matching age, sex, diabetes, hypertension, cardiovascular disease, and chronic kidney disease. Our study, in close agreement with these findings, showed that the odds ratio of hearing loss in the osteoporotic group was 1.7 times higher. However, we believe that our data is more objective due to the use of pure tone threshold compared to their analysis in which the diagnostic code was used.
In this study, L-spine BMD was not associated with hearing loss. Seventy five percent of L-spines are composed of trabecular bone while 75% of the femur neck are composed of cortical bone. 21 Since the configuration of the proximal femur is similar to that of ossicles, especially the malleus, and as cavitation of bone increases in osteoporosis, a similar phenomenon occurs in the ossicles. Therefore, it seems reasonable that the correlation will be more significant in the femur neck than in the femur shaft and L-spine. 22 A previous study reported an association between BMD and hearing loss in postmenopausal patients. 12 Although the mechanism of hearing loss is unclear, it has been suggested that demineralization of the otic capsule is associated with secondary neuronal degeneration, resulting in sensorineural hearing loss. 23, 24 There were several limitations to this study. First, it was a cross-sectional study and retrospective in design. Therefore, we could not evaluate the causality between bone mineral density and hearing loss. Prospectively designed studies are necessary to clarify this relationship. Second, there is a lack of explanation for the mechanism of action. Therefore, welldesigned experimental studies will be necessary to clarify this mechanism. Third, we could not reflect mild hearing loss and young adults. Therefore, in the future, large-scale studies including mild hearing loss and young adults will be necessary. Finally, there are differences in biochemical factors in east Asian that can affect osteoporosis and hearing loss compared to that in Western countries. In particular, the proportion of vitamin D deficiency in elderly people is higher in Korea than in Western countries. However, in this study, biochemical factors including vitamin D were adjusted for statistical analysis.
Conclusion
Osteoporosis is significantly associated with a risk of hearing loss. In addition, lumbar spine bone mineral density al density was not correlated with hearing loss, while femur neck bone mineral density was significantly correlated.
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